Introduction
Uterine fibroids and adenomyosis are two common gynecological benign tumors that lower women's quality of life during their reproductive age. The prevalence of uterine fibroid and adenomyosis is approximately 70%-80% and 5%-70%, respectively. [1] [2] [3] [4] [5] Uterine fibroids, also known as leiomyomas, are constituted by smooth muscle tissue and fibrous connective tissue produced by the myometrium. Conversely, adenomyosis represents a problematic medical condition that is characterized by the abnormal presence of an endometrial tissue infiltrating into the myometrial tissue. Both diseases regularly generate symptoms such as abnormal uterine bleeding, bulk effects, and infertility. [1] [2] [3] [4] [5] Focused ultrasound surgery (FUS) represents a non-invasive method that causes tumors' thermal ablation through the localization of a high-intensity sonication beam that generates coagulative necrotic tissues at a focal spot. FUS therapy is an emerging treatment for many ailments: uterine fibroids, adenomyosis, essential tremor, benign hypertrophic prostate, and breast tumor among others. The efficacy and safety of FUS therapy for patients with uterine fibroid or adenomyosis has been proved through research and practice. [2] [3] [4] [5] [6] Owing to the benefits of FUS therapy, previous research works focused more on the treatment's efficacy and experimental models than its possible adverse outcomes. Nonetheless, some plausible adverse events have been reported during and after FUS treatment, which diminished patients' quality of life. Understanding these effects and finding solutions to minimize such events might lead to an increase in the confidence in the selection of eligible patients, optimization of treatment strategy, and monitoring of treatment procedure to ensure patients' safety.
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Adverse events are related to the near-field area (the zone in front of targeted lesion), far-field area (the zone behind the targeted lesion), local targeted area, adjacent organs surrounding the uterus, and whole body. 3, 4 In addition, ablation of leiomyosarcoma was also a severe adverse event caused by misdiagnosis that led to increasing rate of metastasis and mortality owing to delay of precise treatment. Therefore, in this article, we aimed to describe the adverse events of FUS therapy for uterine fibroids and adenomyosis occurring during and after treatment.
Adverse events related to near-field region
An ultrasonic beam propagates through the skin surface into the abdominal subcutaneous layer, passes through the abdominal skeletal muscle, and reaches the focal spot ( Figure 1 ), and during delivery, these tissues can absorb sonication energy, disperse, and scatter it. 7, 8 One of the early signs of the side effects of heat accumulation in the near-field during the ablation procedure is fat edema as the adipose tissue is less perfused than the skin and muscle; therefore, adipose tissue was insufficient in heat dissipation. 7, 8 Keserci et al reported that three (9.68%) of 31 adenomyosis patients and 12 (16.22%) of 74 uterine fibroid patients who were subjected to magnetic resonance imaging (MRI)-guided FUS therapy, respectively, manifested particularly high signal intensity of the subcutaneous fat tissue, considered as adipose edema post-FUS therapy (Figure 2) . 9, 10 This adverse event produced no symptoms and was resolved naturally without any interventions.
Leon-Villapalos et al reported that a 39-year-old patient with uterine fibroids was admitted to a MRI-guided FUS therapy clinical trial. 11 On a physical examination at 2-week post-FUS ablation, it was observed that she had a 10×5 cm full thickness skin burn, regarded as a grade III skin burn, and partial thickness skin burns in some enclosed areas. In addition, MRI unveiled a small hyper-intense spot adjacent to the skin burns within the left rectus muscle; this was considered as muscle edema as the areas were apparently associated with skin burns. The patient felt no sensation at the lesions and the lesions were cured through the eradication of burned areas.
Scars are described as special tissues containing a lesser degree of perfusion than other tissues, which leads to the inefficient dissipation of heat through them. This in turn leads to higher ultrasonic absorption in the scar tissue compared to the surrounding tissues, which can inevitably activate heat accumulation and thermal damage. Additionally, as scar tissues contain a lesser number of nerve endings, their sensation is attenuated in comparison to the surrounding tissues, which 
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Adverse events of FUS for uterine fibroids and adenomyosis can lead clinicians and patients to underestimate the severity of the damage. 12 In a study conducted by Chen et al in a group of 9,988 patients, in which an ultrasound-guided FUS was adopted, the findings displayed two (0.02%) severe skin burn cases out of the 26 (0.26%) skin burn cases, necessitating surgical elimination of the subcutaneous necrotic tissue. 13 In a recent study by Liu et al, 27,053 patients underwent ultrasound-guided FUS. The results manifested that after ablation, redness of the skin, blisters, and severe skin burns were found in 86 (0.32%), 20 (0.074%), and 38 (0.14%) patients, respectively. Furthermore, all 38 patients with severe skin burns also had prior abdominal scars owing to older surgeries, and the burned tissues were eliminated through surgical excision.
14 It was concluded that strict observation during the process of FUS ablation was essential to prevent not only excessive heat accumulation in the near-field, such as fat edema, but also skin burns. [9] [10] [11] [12] [13] [14] Clinicians should consider using the angulation of the transducer, beam shaping ( Figure  3 ), scar patches (Figure 4 ), or miscellaneous methods ( Figure  5 ) to reduce the risk of skin or scar burn. 12, 15, 16 Bone tissues facilitate the absorption of sonication energy, augmenting heat accumulation in bones and injuring the skin, the subcutaneous fat layer surrounding this area, and even the bone. 6 Liu et al reported that after FUS treatment for a cervical leiomyoma, their patient suffered a pubic symphysis burn due to exposure to the sonication beam, which directly penetrated this sensitive region; besides, MRI manifested abnormally high signal intensity of pubis symphysis.
14 Tilting the transducer to refrain pubis symphysis should be regarded as a fast and important solution to this possible problem. 15 Adverse events related to far-field region After the ablation of the targeted focal spot, a small residual acoustic energy passes through the far-field area where the sciatic nerves, lumbosacral plexus, and sacral bone are located. The nerves and bones can absorb even small amounts of ultrasonic energy, sufficient to cause nerve stimulation and/or bone denaturation ( Figure 6 ). This effect produces 
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Duc et al common symptoms of back, buttock, leg, sacrococcygeal pain, and numbness. 9, 10, [13] [14] [15] 17 In Hwang et al's study, after the adoption of ultrasoundguided FUS therapy, patients reported severe back pain and computed tomography (CT) results revealed air inside the T5 to S1 vertebrae and bone destruction at the L5 vertebra. Moreover, a biopsy under CT guidance was performed, and the histopathological osteolytic samples showed acute inflammatory cell infiltration in the bone marrow and necrotic bone particles. The patient showed total recovery at 3-week post-treatment with antibiotics and painkillers. 18 The FDA Maude database reported one case of nerve injury due to an undetected motion during MRI-guided FUS therapy, which led to the neglectful sonication of the right lumbosacral plexus. Consequently, the patient was admitted to the emergency unit for 9 days, with the main symptom being the inability to walk and right foot's weakness. The necessary rehabilitation was provided to resolve these symptoms after 3 months. 19 Adverse events related to local region
Pelvic pain
Patients commonly reported pain in the pelvic area in spontaneous post-FUS ablation, especially in the region of the targeted tumor. This adverse effect was caused due to a necrotic tumor, local inflammation, and ulceration of the nonperfused tissue ( Figure 7 ), which often disappeared without any medications. 6,9,10,13,14
Heavy vaginal discharge
Vaginal discharge occurred commonly after FUS treatment due to the excretion of necrotic tissue through the vagina. 6, 9, 10, 13 Nevertheless, heavy vaginal discharge should be considered as an adverse event, which can conceivably result in anemia. 14 Kim et al showed that a 41-year-old patient with a 5.5 cm submucosal leiomyoma underwent MRI-guided FUS therapy and reported heavy vaginal discharge, implying that she did not adapt to medications at 8-month post-treatment. Her blood test further exhibited a hemoglobin concentration of 5.0 mIU/L, for which a blood transfusion was performed to increase the hemoglobin concentration up to 9.2 mIU/L, while the MRI showed a 6.1 cm submucosal leiomyoma, for which a surgery was performed to eradicate the tumor. 20 
expulsion to uterine cavity
Jeong et al demonstrated that six (3.82%) out of 157 transmural uterine fibroids treated with MRI-guided FUS therapy bulged towards the uterine cavity after 5-to 73-day post-FUS ablation, as the uterine fibroid was more diminished in the myometrium part than in the endometrium part, leading to an asymmetrical shape inclined toward the uterine cavity ( Figure 8 ). Hysteroscopic myomectomy represents a useful alternative treatment to resolve this adverse event. 21 Uterine fibroid shrinkage can transform a transmural uterine fibroid into a submucosal uterine fibroid and finally a pedunculated Figure 4 The coronal temperature map displays that the sonication is reflected completely (white arrow) by utilizing scar patch (black arrow).
Figure 5
Sagittal T2W images display the uterine fibroid on the anterior wall of the uterus (white asterisk). Notes: Bladder filled with 400 mL normal saline (white arrow head) and rectum filled with 200 mL ultrasound gel (black arrow head) press the uterus to move upward and forward, resulting in the scar position being lower than the tumor position. The tilting transducer leads the beam path and avoids the sonication of the abdominal scar (black arrow). 
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Adverse events of FUS for uterine fibroids and adenomyosis submucosal uterine fibroid. Consequently, uterine fibroid's stalk will be devascularized, leading to detachment and ejaculation. Furthermore, when the endometrial layer encircling the uterine fibroid becomes thin or turns necrotic owing to ischemic effect or hormonal changes, submucosal uterine fibroids or intramural uterine fibroids shallow to endometrium might be expelled into the uterine cavity. 21 
expulsion to vagina
In Wang et al's study, ten type I submucosal uterine fibroids (transmural extension <50%) and 68 type II submucosal uterine fibroids (transmural extension ≥50%) were ablated by ultrasound-guided FUS ( Figure 9 ) and necrotic tissues' vaginal expulsion was observed in 58% of patients. However, after 2-4 menstrual cycles, the expulsion of necrotic Figure 6 Sagittal T2W images display T5 to S3 vertebrae with normal signal intensity (A) before treatment and abnormal high signal intensity (B) due to bone degeneration (white arrow) after focused ultrasound surgery for uterine fibroid (white asterisk). 
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Duc et al tumor resolved naturally. 22 Additionally, in Xie et al's study, 55 submucosal leiomyomas were divided into two groups: group 1 with 27 type I tumors and group 2 with 28 type II tumors were treated by ultrasound-guided FUS, and no significant difference was observed for the outcome of type I and type II tumors. They also observed that 12 (21.81%) patients from both groups experienced spontaneous vaginal expulsion, and for two (3.64%) patients, the cervix was obstructed, a complication resolved with an intravaginal forceps-assisted procedure, which was used to eliminate the obstructive necrotic fibroid tissue. 23 A risk of infection of the necrotic tumor was reported; moreover, the cervix obstruction required a hysteroscopic surgery to clear up. [21] [22] [23] In a case reported by Kim et al, a 38-year-old patient with uterine fibroid was admitted to the hospital due to heavy menstrual bleeding and consequent anemia and was provided MRI-guided FUS therapy. At 2-week post-therapy, the patient was readmitted with a palpable vaginal mass. MRI revealed that the ablated uterine fibroid was located in the vagina, with a narrow stem from the uterus. Two weeks after MRI examination, it was found that the tumor was not expulsed naturally and was hence excised by a hysteroscopic surgery. 24 In order to prevent the patients from being anxious, clinicians should inform them about the vaginal expulsion's adverse effect after FUS therapy.
endometrial impairment
Liu et al reported 13 (0.048%) patients with abnormal vaginal discharge and bleeding. The main cause of this adverse event was damage of endometrial layer after the ablation of submucosal leiomyoma and adenomyosis. These patients were prescribed hysteroscopic surgery to excise the necrotic tissue. The symptom of abnormal discharge subsided later. 14 In a study by Kim et al, the results proved that submucosal uterine fibroids deform the uterine cavity, and the endometrium around tumors becomes prone to injuries during the MRI-guided FUS ablation ( Figure 10 ). The important factor correlated with endometrium impairment during ablation treatment is the bulging level of the submucosal uterine fibroids into the endometrial cavity. It was also observed that the endometrium impairment recovered comprehensively during the 6-month follow-up period. 25 
Expulsion to abdominal cavity
Pedunculated subserosal uterine fibroids are connected to the serosal layer via a narrow and small stem (Figure 11 ). In the past, FUS ablation for pedunculated subserosal fibroids was excluded due to the expulsion risk of tumors into the abdominal cavity after treatment. Park et al noted that there were nine pedunculated subserosal leiomyomas in 135 leiomyoma patients ablated with MRI-guided FUS. No expulsion of tumors into abdominal cavity after treatment and during follow-up period was observed. 26 Likewise, in a study by Brown et al, eleven of 179 women with pedunculated leiomyomas were subjected to MRIguided FUS therapy. Two patients (1.12%) experienced adverse events, including transient lumbar plexus stimulation and leg numbness; nonetheless, tumor expulsion to the abdominal cavity was not noticed. 27 Regardless of the benefits, the adverse events of FUS ablation on pedunculated subserosal uterine fibroids remain a major concern and further studies on FUS treatment for this special type of uterine fibroids are essential.
Uterine rupture
Uterine rupture after FUS therapy was a severe adverse event observed, especially during pregnancy, owing to high rates of perinatal morbidity and even mother mortality. Kang et al noted that at 3-month post-FUS therapy, a 2-trimester Figure 9 Sagittal T2W images show submucosal uterine fibroids (white asterisk) (A) with a transmural extension <50% and (B) a transmural extension ≥50%. 
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Adverse events of FUS for uterine fibroids and adenomyosis pregnant patient presented a uterine rupture. 28 As well, in a case reported by Li et al, a 38-week pregnancy with severe abdominal pain was referred to the hospital. The historical examination showed that the patient had a uterine fibroid over 8 cm in size and had undergone FUS therapy at 20 months prior to the pregnancy. A cesarean operation was carried out promptly to deliver the fetus after the stagnation of the fetal heart rate. In addition, a uterine rupture was uncovered during surgery. 29 Qin et al suggested that 12 months after FUS therapy was the appropriate time to become pregnant. 30 Owing to the uncertain risk of uterine rupture, large-scale investigation with long-term follow-up is crucial.
Placenta accreta, placenta previa, and miscarriage
No studies have been conducted on the relationship between miscarriage, placenta accreta, and placenta previa with FUS treatment. Nevertheless, miscarriage, placenta accreta, and placenta previa should be classified as adverse events of FUS treatment. 6, 14, 19 Because placenta accreta and placenta previa are problematic conditions during pregnancy and delivery, we recommend that studies in the future should be conducted to determine the correlation between miscarriage, placenta previa, placenta accreta, and FUS treatment in order to update all clinicians and patients.
Adverse events related to adjacent organs Bladder and ureter
According to the Maude database, bladder wall ulceration was diagnosed by an urologist at 2-week post-FUS treatment. The adverse event was completely resolved by hemostatic medication. 19 In addition, Chen et al found that 52 (0.52%) of 9,988 patients complained of odynuria and/or hematuria after therapy. 13 Liu et al also noted that hematuria occurred in 24 (0.088%) of 27,053 patients after treatment.
14 These adverse events were resolved naturally without any interventional medications. They also found that urinary retention was observed in eight (0.029%) patients with retroflexed uterus, owing to the bladder being excessively filled with normal saline for manipulating bowel loops out of the treatment window. 14 Keserci et al and Liu et al reported that one (1.35%) patient of 74 patients and four (0.015%) patients of 27,053 patients, respectively, suffered from cystitis related to Foley catheter technique. 9, 14 This adverse event was eliminated completely by administering antibiotic medication within 3-7 days.
Liu et al also noted that one (0.003%) patient with a large cervical uterine fibroid suffered from hydronephrosis of the left kidney after treatment, because the left ureter was compressed by the treated edematous leiomyoma with a diameter of over 10 cm. 14 
Bowel loops
The absorption and dispersion of ultrasonic energy of hard elements and gas bubbles inside bowel loops might inevitably cause thermal damage, even bowel burns. As stated in the FDA Maude database, two cases of bowel perforation were observed post-FUS treatment owing to the undetected uterine motion or patient movement during FUS ablation, which led to the sonication of the bowel loop, resulting in bowel Figure 10 Coronal contrast enhancement T1W image displays a submucosal uterine fibroid (white asterisk) with spontaneous endometrial damage (white arrow) after focused ultrasound surgery.
Figure 11
Sagittal T2W image shows subserosal uterine fibroid (white asterisk) with a small stalk (white arrow). 
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Duc et al perforation. These patients were treated through anastomosis for bowel repairment. 19 Correspondingly, in a case study by Hwang et al, a 43-year-old patient with a history of menorrhagia and pelvic tension underwent FUS for ablating six uterine intramural fibroids. After the ablation therapy, the patient experienced spontaneous abdominal distress. The adverse symptom was resolved after the indication of an anti-inflammatory medication. However, the abdominal pain worsened at 14-day post-FUS ablation and was not cured by painkillers. The patient was readmitted to the FUS unit for further evaluation on 29-day post-FUS ablation. CT supported the diagnosis of peritonitis and pneumoperitoneum. During operation, surgeons found a 1.5 cm perforation of the colon. 18 Ko et al reported that a 46-year-old patient with a symptomatic adenomyosis lesion located on the posterior wall of uterus underwent ultrasound-guided FUS treatment. At 8-day post-treatment, the patient experienced severe pain in the abdomen in conjunction with peritonitis symptoms. CT examination manifested that there was free gas surrounding the stomach. During operation, surgeons found a 1 cm necrotic lesion at an inflammatory small bowel located at 40 cm from the ileocaecal valve. 31 In a study by Liu et al, they found bowel injuries in four (0.015%) patients (three patients with leiomyoma and one patient with adenomyosis). They also observed that the main cause of this severe complication was the appearance of bowel loops inside the acoustic pathway and the sonication outside of tumors. The bowel perforations occurred after 4-to 12-day post-treatment, and all patients were given a surgery for bowel repairment. In a study by Chen et al, two (0.02%) cases of intestinal perforation were found at 10-and 12-day post-FUS treatment. The probable cause of this adverse event was calcified leiomyoma, which dispersed sonication energy to the adjacent bowel loops and sonication energy of the tissue outside of the uterine wall. It was also concluded that intestinal perforation after FUS ablation is generally delayed and appears at 10-day post-FUS treatment or later, and the symptoms are not typical to acute bowel perforation. 13 When focusing energy on the region near the perimetrium, the clinicians need to be careful and should optimize treatment strategy to avoid bowel injury. Also, to yield the non-bowel treatment window for patients during ablation, bladder filling and rectum filling maneuver technique should be managed (Figure 12 ). 15, 16 Ovary One of the most important organs close to the uterine fibroid and/or adenomyosis lesions is the ovary. Given the concern about FUS therapy's negative impact on ovarian function, some studies have proved that there are no side effects on ovarian function by the preservation of serum anti-Müllerian hormone and the conservation of serum follicle-stimulating hormone, luteinizing hormone, and estradiol at 6-and 12-month follow-up. [32] [33] [34] Nevertheless, no long-term followup studies have focused on the changes in these hormones and ovarian volume. Therefore, further research on the FUS effect on the ovarian functions is still required.
Adverse events related to whole body Nausea Nausea and vomiting are common and slight adverse events of FUS treatment. During the ablation procedure and after Figure 12 Sagittal T2w images show (A) uterine fibroid on the anterior wall of the retroverted uterus (white asterisk) and a bladder filled with 400 mL normal saline (white arrow head) generated bowel loops out of the treatment window (white arrow); (B) uterine fibroid on the posterior wall of anteverted uterus (white asterisk) and rectum filled with 200 mL ultrasound gel (black arrow head) produced bowel loops out of the treatment window (white arrow). 
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Adverse events of FUS for uterine fibroids and adenomyosis therapy, some drugs, such as non-steroid painkiller, fentanyl citrate, oxytocin, and gadolinium-based contrast agents are used, which can produce side effects such as nausea and vomiting. 6, 9, 10, 13, 14 Deep vein thrombosis and blood disorder
In an evidence-based study of MRI-guided FUS by Pron, it was found that the risk of deep vein thrombosis increases due to long ablation duration of prone position, especially in the case of a great volume of uterine fibroids or adenomyosis. [6] [7] [8] Liu et al noted that two patients suffered from deep vein thrombosis after ablation. The patients were prescribed medications, following which they returned to normal. In addition, they also observed that one patient suffered from thrombocytopenia after ablation with unclear cause.
14 Thus, it is crucial to investigate the blood coagulation function of patients prior to FUS treatment.
Tumor lysis syndrome and renal impairment
Chen et al found three (0.03%) cases of acute renal failure after FUS ablation; however, the reasonable cause was not mentioned in the report. 13 In a case reported by Park et al, a 35-year-old patient with a 14×10 cm leiomyoma underwent FUS ablation. After 5 days of treatment, the patient suffered from fever and pain in the back and abdomen. Blood test unveiled that the patient was suffering from hyperuricemia, hyperphosphatemia, slight metabolic acidosis, and acute kidney insufficiency after FUS ablation. The plasma concentrations of urea nitrogen, creatinine, uric acid, calcium, and phosphorus at 5-day post-treatment were 77 mg/dL, 4.6 mg/dL, 11.3 mg/dL, 7.6 mg/dL, and 5.0 mg/dL and at 14-day post-treatment were 7 mg/dL 1.0 mg/dL, 4.9 mg/dL, 8.1 mg/dL, 3.2 mg/dL, respectively. 35 It was concluded that necrotic volume caused by chemotherapy, radiation therapy, FUS, and radio-frequency ablation, among others, mediated to release cellular substances such as uric acid, potassium, and phosphorus, which can lead to acute kidney injury and even death. 36, 37 Liu et al reported that four (0.015%) patients with uterine fibroids experienced acute kidney failure after FUS treatment. For three of them, kidney function returned to normal level after treatment with medications. However, one patient had to undergo hemodialysis; nonetheless, the serum creatine level was still about 200 μmol/L.
14 Even though the incidence rate of acute renal failure post-FUS therapy is not high, there is a possibility of this severe adverse event. Thus, kidney functions should be investigated cautiously prior to and after FUS ablation. The use of antibiotics and non-steroid drugs after treatment should be considered owing to increasing risk of acute kidney injury. In addition, to avoid this severe adverse event for patients with big tumors, the clinicians should utilize medication such as gonadotropin-releasing hormone agonists prior to the FUS treatment to alleviate the volume of the leiomyoma ( Figure 13 ) and adenomyosis ( Figure 14) . 38, 39 Death In a case reported by Bhise et al, a diffuse adenomyosis patient received MRI-guided FUS treatment. However, when the patient tried to stand post-treatment, she abruptly collapsed. In spite of revival efforts, the patient died on the same day at 4-hour post-treatment. Forensic investigation revealed that an abdominal wall was distended. Also, approximately 3 L of blood was present in the abdominal cavity. Likewise, the right uterine artery and right ovarian artery were dissected. The cause of death was concluded to be hypovolemic shock due to hemorrhage following rupture of right uterine artery and right ovarian artery. Those arteries appeared in the sonication pathway of FUS ablation; thus, Figure 13 Sagittal T2W images show the uterine fibroid (white asterisk) (A) prior to GnRH agonist therapy and (B) after 3 months of GnRH agonist therapy; the volume of uterine fibroid reduced up to 38%. FUS generated the damage of the intima leading to arterial dissection and rupture. 40 According to the Maude database, there was one case of heart attack spontaneously after FUS ablation. The patient was resuscitated successfully. Nonetheless, the patient experienced a second heart attack, and the revival effort failed. Blood test manifested that the hemoglobin level prior to treatment and at the time of heart attack was 10.8 mg/dL and 3 mg/ dL, respectively. The probable cause of death was not found, and no malfunction was detected in the FUS machine. 19 In order to avoid heart adverse event, electrocardiography and/ or echocardiography should be assessed delicately prior to treatment.
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Ablation of leiomyosarcoma
Samuel et al stated that leiomyosarcoma and leiomyoma might manifest a high similarity in imaging characteristics, leading to a misdiagnosis ( Figure 15 ). 41 The relevant treatment for leiomyosarcoma is hysterectomy for ensuring long-term prognosis; hence, FUS treatment for the leiomyosarcoma was regarded as a severe adverse event. In their report, a 47-year-old patient with a uterine tumor over 10 cm in size wished to receive FUS therapy. The MRI findings showed heterogeneous signal intensity on T2W images and both T1W images prior to and after contrast enhancement. There was hemorrhage and necrosis inside the tumor. The clinician advised surgery instead of FUS ablation due to the atypical nature of the uterine tumor. Histopathological result of tumor showed leiomyosarcoma tissues. 41 According to the Maude database, one voluntary patient with uterine leiomyosarcoma was misdiagnosed with uterine fibroid, which was found after 1 year of FUS treatment. Early stage uterine cancer was diagnosed and hysterectomy was indicated. 19 In a report by Fukunishi et al, a 40-year-old patient with a 9 cm uterine fibroid underwent MRI-guided FUS therapy. At 6-month post-ablation, the symptoms aggravated. MRI images exhibited that the uterine fibroid volume had not reduced. A morcellation via laparoscopic surgery was exploited. Histopathologic results manifested that the right 
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Adverse events of FUS for uterine fibroids and adenomyosis diagnosis in this case was a leiomyosarcoma tumor. Patient was advised a radical hysterectomy to completely eliminate the tumor tissue. 42 In some previous studies, MRI was more accurate than other modalities in differentiating malignant and benign uterine tumors. 43, 44 Therefore, MRI screening prior to FUS treatment should be managed carefully to avoid postponing hysterectomy for leiomyosarcoma.
Ultrasound-guided FUS versus MRIguided FUS
Two real-time modalities have been exploited to guide FUS ablation: ultrasound or MRI. In terms of the costeffectiveness, space consumption, susceptibility to motion, and real-time ability, ultrasound-guided FUS is superior to MRI-guided FUS. Nonetheless, thermometry during FUS treatment, closed-loop feedback control, tissue contrast, images of adjacent organs surrounding uterus, and field of view of MRI-guided FUS are better than ultrasound-guided FUS. 45 Owing to different capabilities of image-guided methods and experience of FUS users, there are reasonable differences in incidence of adverse events of each center and study. However, currently there are no studies comparing the incidence of each adverse event between two methods focused on the pelvic applications.
Conclusion
Despite the potential and efficacy of FUS therapy, all the adverse events discussed in this article should be considered cautiously by clinicians to ensure FUS treatment's safety profile and effective outcomes for patients with uterine fibroids and adenomyosis. Also, patients have priority to acknowledge all of the possible adverse events and thus should be informed in order to achieve a comprehensive agreement prior to FUS treatment. Further studies focused on the pros and cons, efficacy, acceptability, adverse events, and safety should be managed to not solely update FUS users and patients but also establish better protocol for FUS treatment.
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